n 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
9 October 2003 (09.10.2003) 




(10) International Publication Number 

PCT WO 03/082901 A2 



(51) Internationo I Patent Classification': C07K 

(21) International Application Number: PCTAJS03/09230 

(22) International Filing Date: 24 March 2003 (24.03.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
EngJish 



(30) Priority Data: 
60/366,870 
60/420.533 
60/456,641 



22 March 2002 (22.03.2002) US 
23 October 2002 (23 . 1 0.2002) US 
21 March 2003 (21 .03.2003) US 



(71) Applicant: EMORY UNIVERSITY [US/US]; Office of 
Technology Transfer, 1784 North Decatur Road, 1st Roor, 
Suite 130, North Decatur Building, Atlanta, GA 30322 
(US). 

(72) Inventors: LYNN, David; 1384 Harvard Road, Atlanta, 
GA 30306 (US). LI, Xiaoyu; 1381 Harvard Road, AUania, 
GA 30306 (US). 

(74) Agent: LINDER, Chrisopher, B.; Thomas, Kayden, 
Horslemeyer & Risley. LLP, 100 GaJleria Parkway, NW, 
Suite 1750. AUanla, GA 30339-5948 (US). 



(81) Designated States (national): AE, AG, AL. AM, AT, AU. 
AZ, BA, BB, BG. BR, BY, BZ, CA, CH. CN, CO. CR. CU, 
CZ, DE, DK, DM. DZ, EC, EE, ES, H. GB. GD. GE. GH. 
GM. HR, HU. ID. IL, IN, IS, JP. KE, KG, KP, KR, K2, LC, 

I-KW:»R^l^r^1VI:.Ur^VHWAT-MDrMCTrMK-,~MN7-M\V^ 

MX, MZ, NI, NO, NZ, OM, PH, PL. FT. RO. RU, SC. SD, 
SE, SG. SK. SL. TJ. TM. TN, TR. IT, TZ. UA, UG, UZ, 
VC. VN, YU, ZA, ZM. ZW. 

(84) Designated States (regional): ARIPO patent (GII. GM, 
KE, LS. MW, MZ, SD, SL. SZ, TZ, UG. ZM, ZW). 
Eurasian patent (AM. AZ. BY, KG. KZ, MD. RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE. 
ES, n, FR. GB, GR, HU. IE, IT. LU. MC. NL, PT. RO. 
SE. SI, SK, TR). OAPI patent (BF, BJ, CF. CO. CI, CM, 
GA, GN, GQ, GW. ML, MR. NE. SN, TD. TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to tlte "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

rH 
O 

ON 

00 



^ (54) Title: TEMPLATE-DRIVEN PROCESSES FOR SYNTHESIZING POLYMERS AND COMPONENTS RELATED TO 
f*^ SUCn-I PROCESSES 

o 

P (57) Abstract: Template-directed processes for synthesizing polymenj are presented in which a sequence-specific polymer is gen- 

^ erated from a correspondmg sequence-specific template. The generated polymer has a chain length that corresponds to the chain 

^ length of the template. *^ 



wo 03/082901 PCT/US03/09230 

TEMPLATE-DRIVEN PROCESSES FOR 
SYNTHESIZING POLYMERS AND 
COMPONENTS RELATED TO SUCH PROCESSES 



5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. provisional patent applications having 
serial number 60/366,870, ffled on March 22, 2002, serial number 60/420,533, filed on 
October 23, 2002, and Express Mail mailing label number EV269328445US, filed on 
March 21, 2003, which are incorporated herein by reference in their entireties. 

10 

FIELD OF INVENTION 

The present invention relates generally to polymers and, more particularly, to 
template-driven processes for synthesizing polymers. 

15 BACKGROUND 

In typical biological systems, polymerization reactions are driven along a template 
using a catalyst to specifically read sequence-specific and chain-lengtti-specific 
information. Typically, the set of stmctaral components that is mvolved in these in vivo 
reactions is limited to various combinations using only four base pairs. Additionally, the 
20 resulting.polymers are typically limited to structures having phosphate-based backbones. 
. Despite these limitations, biological polymers have been able to assemble into 
phenomenal structures with sophisticated architectures and intricate fimctions. 

An ability to expand the set of structural components would provide ahnost 
limitless possibilities for new structures and properties of materials. 

25 
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SUMMARY 

The present disclosure provides template-directed processes for synthesizing 
polymers and components related to template-directed processes in biology, but greatly 
extending their structures and the reaction scope. 
5 In the disclosed embodiments, the template itself acts as the catalyst for driving 

ihe.reaction.jnieL.tenq)late.has-severaLbinding.sites,that .each-has,a4)articular affinity-to — 

one of the components that will bind to that site. Given this ajB5nity, the binding mergy 
between the template and the particular component results in an arrangement of 
components along the template in such a manner that a complementary stmcture is 

10 established along the template. If each of the components is configured to react with its 
adjacent components to form chemical bonds between adjacent components, then these 
bonds impart a stability to the complementary structure. This type of reaction preserves 
both sequence specificity and chain-length specificity in the complementary structure. 

Other components, metiiods, features, and advantages will be or become apparent 

15 to one with skill in the art upon examination of the following drawings and detailed 
description. It is intended that all such additional components, methods, features, and 
advantages be included within this description. 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 Many aspects of the disclosure can be better understood with reference to the 

following drawings. The components in the drawhigs are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the principles of the present 
invention. Moreover, in the driawings, like reference numerals designate corresponding 
parts throughout the several views. 
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FIGS. lA a^rough IF are cKagrams showing embodiments of monomers that may 
be used in polymerization reactions to generate polymers. 

FIGS. 2A and 2B are diagrams diowing embodiments of oligomers that may be 
used in polymerization reactions to generate polymers. 
5 FIG. 3 is a diagram showing an embodiment of a template used to direct a 



-polymerization-process.. 



FIGS. 4A through 4E are diagrams showing an embodiment of a polymerization 
reaction. 

FIG. 4F is a diagram showing an raibodiment of a process to recover the 

10 generated polymer. 

FIGS- 5 A through 5D are diagrams showing another embodiment of a 

polymerization reaction. 

FIGS. 6 A through 6C are diagrams showing yet another embodiment of a 

polymerization reaction. 
15 FIG. 7 is a diagram showing an embodiment of aprocess for generating a 

deoxyribonucleic acid (DNA) sequence using the recovered polymer of FIG. 4F. 

FIG. 8 is a diagram showmg one embodiment of a monomer that may be used in 
polymerization reactions to generate polymers having non-phosphate-based backbones. 
FIG. 9 is a diagram showmg one embodiment of a polymerization reaction that 
20 generates a polymer having a non-phosphate-based backbone. 

DETAILED DESCRIFnON OF THE PREFERRED EMBODIMENTS 

Reference is now made in detail to the description of the embodiments as 
illustrated in the drawings. While several embodiments are described in connection with 
25 these drawings, there is no intent to limit the invention to the embodiment or 
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embodiments disclosed herein. On the contrary, the intent is to cover all alternatives, 
modifications, and equivalents. 

FIGS. 1 A through 9 show several embodiments m which template-directed 
processes, and conqjonents related to such processes, are shown, hi those embodiments, 
5 the template itsfelf acts as the catalyst for driving the reaction. The template has several 

binding sites that each hasj^ particulmj^ 

that site. Given this affinity, when a component (e,g,, monomer, ohgomer, etc) binds to 
its coiresponding binding site on the teniplate, the binding energy between the template 
and that conrponent results in an organizing of the components along the tmiplate in such 

10 a manner that a complementary structure is established along the template. If each of the 
components is configured to react with its adjacent components to form chemical bonds 
between adjacent components, then these bonds impart a furfiier stability to the 
complementary structure. As one can see, this type of reaction preserves both a sequence 
specificity and a chain-length specificity in the complementary pair. Also, this type of 

15 reaction uses the template itself to determine the organization of the complementary 
structure. 

FIGS. lA through IF are diagrams showing embodiments of monomers that i 
be used in a polymerization reactions to generate polymers. As shown in FIG. 1 A, ai* 
example embodiment of a monomer is a modified nucleoside with two reactive ends: one 

20 reactive end having an amme (HalS) 120 chemically bonded to the 5'-carbon, and the 
other reactive end having an acetaldehyde (CH2CHO) 130 chemically bonded to the 3 - 
carbon. In other words, for the modified nucleoside, the hydroxyl group that normally 
appears on the 5'-carbon of a typical nucleoside is replaced by an amine 120, and the 
hydroxyl group that normally appears on the 3 -carbon of a typical nucleoside is replaced 

25 by an acetaldehyde 130. Thus, two reactive ends are created on the modified nucleoside 
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by placing an amine 120 and an acetaldehyde 130 on the 5'-carbon and the 3'-carbon, 
respectively. Since, in aqueous solution, amines readily react with acetaldehydes to fonn 
imines, when the amine 120 of one monomer and the acetaldehyde 130 of another 
monomer are arranged in close proximity to each other, the resulting reaction forms an 
imine (not shown) that chemically bonds the two monomers. The imine is converted to 
-an-amine-(not.shown)Jn.tfa{^lfeesenc!!U>£ajMu^^ agent Exampjes of such reactions are 



provided with reference to FIGS. 4A through 6C. 

As sbovm in FIGS. IB through IE, the modified nucleoside may be, at a 
minimum, a modified thymidine (FIG. IB), a modified adenosine (FIG. IC), a modified 
10 cytidine (FIG. ID), a modified guanosine (HG. IE). While not shown here, the modified 
nucleoside may also be a modified uridme, a modified inosine, or possibly any nucleoside 
or structure having an altemative complementary-associating partaer or complementary- 
pairing partner. While the modified cytidine nucleoside is denoted with "Cy to 
distinguish between the symbol for carbon, "C," it should be appreciated that, in 
15 conventional nomenclature, the cytidine would be denoted with "C." Since each of the 
modified nucleosides has an amine 120 as one reactive end and an acetaldehyde 130 as 
another reactive end, two modified nucleosides may readily react with each other in 
aqueous solution. 

FIGS. 2A and 2B are diagrams showing embodunents of oligomers that may be 
20 used to in polymerization reactions to generate polymers. As shown in FIG. 2A, one 

embodiment of an oligomer is a dimer comprising two nucleosides chemically bonded to 
each other by an amide (NCO) 230. More specifically, the amide carbonyl 230 is derived 
from the aldehyde carbonyl of the first modified nucleoside in the dimer, and the amide 
amine is derived firom the second modified nucleoside in the dimer. Thus, the oligomer 
25 has tW9 reactive ends: one reactive end defined by the amine 120 on the S'-carbon of the 
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first modified nucleoside, and the other reactive end defined by the acetaldehyde 130 on 
the 3 '-carbon of the second modified nucleoside. 

Since, in aqueous solution, amines readily react with acetaldehydes to form 
imines, when the amine 120 of one oligomer and the acetaldehyde 130 of another 
5 oligomer are arranged in close proximity to each other, the resulting reaction forms an 

imni5.(nQt_shQymXti^^ — 

an amine (not shown) in the presence of a reducing agent. Examples of such reactions are 
provided with reference to PIGS. 4A through 6C. 

As shown in PIG. 2B, in one embodiment, the first monomer is a modified 

1 0 adenosine (A) 1 14 nucleoside having the amine 120 at the 5'-carbon and the amide 230 
connected to the second monomer that is a modified thymidine (T) 1 12. The 2nd 
nucleoside maintains the acetaldehyde 130 at the 3'-end. However, it should be 
appreciated fliat the oligomer of FIG. 2B may comprise other monomer imits such as 
those shown in FIGS. IB through IE. In this regard, the first monomer in the dimer of 

15 FIG. 2B may be a modified thymidine, a modified adenosine, a modified cytidine, a 
modified guanosine, a modified uridine, a modified inosine, etc. Similarly, the second 
monomer in the dimer of PIG. 23 may be a modified thymidine, a modified ad^osine, a 
modified cytidine, a modified guanosine, a modified uridine, a modified inosine, etc. 
While dimers are shown in FIGS. 2 A and 2B, it should be appreciated that the 

20 oligomer may be a trimer, a tetramer, a pentamer, a hexamer, a heptamer, an octamer, or 
any other oligomer, as long as the oligomer has two reactive ends {e.g., an amine 120 at 
one end and an acetaldehyde 130 at the other end). 

FIG. 3 is a diagram showing an embodiment of a template 310 used to direct a 
polymerization process. Specifically, the embodiment of FIG. 3 shows a single-strand 

25 deoxyribonucleic acid (DNA) octamer as the template 310. The DNA octamer 310 has 
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eight nucleotide (R) monomers 210a... 210h (coUectively referred to as 210) that are 
connected by a phosphate backbone 320. It should be appreciated that the nucleotides 
210 in the single-strand DNA may have a conventional purine (e.g., adenine or guanine), 
a conventional pyrimidine (e.g., cytosine, thymine, or uracil), or an alternative base pair. 
One example of a specific template is shown in the paper "DNA Catalyzed 
■-PolymerizationAby-Li-e/-fl/.,-whidijs-fimy_set.fojrtkinr^^ 



application having serial number 60/366,870, filed on March 22, 2002, and 
•TolymCTization on Solid Supports," by Li et al., whidi is fiilly set forth in U.S. 
provisional patent appUcation having serial number 60/420,533, filed on October 23, 

10 2002. While primarily homopolymers are shown in the papers "DNA Catalyzed 

Polymerization" and 'Tolymerization on Solid Supports," it should be ^preciated that 
heteropolymers may also fee u?ed for the template. For simpUcity, the template is referred 
to herein as (dRp)„, where the "R" represents the base pair, and "n" represents the number 
of monomers in the template. Thus, an eight-unit oligodeoxyadenosine template would 

15 be represented as (dAp)8, an eight-unit oUgodeoxycytidine template would be represented 
as (dCp)8, etc. 

By arranging nucleotides in a specific sequence, the template of FIG. 3 may be 
used to direct polymerization reactions that produce chain-length-specific and sequence- 
specific polymers. In other words, by providing a specific sequence of nucleotides on the 
20 template, a complementary sequence may be generated by directing polymerization along 
the sequence-specific, chain-length-specific template. Examples of template-directed 
polymerization reactions are provided in FIGS. 4A through 6C, 

FIGS. 4A through 4E are diagrsms showing an embodiment of a polymerization 
reaction. As shown in FIG. 4A, a (dRp)8 DNA homopolymer template 310 is used to 
25 preorganize R' monomers 410 for imine formation. The R' monomers arrange themselves 
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on the template due to the attraction between the R binding sites of the template 310 and 
the binding site on each of the R' monomers 410. With an n-unit template, there are n-1 
binding sites that contribute in an antiparallel associating equilibrium (see FIG. 4B). The 
rate of reaction, and irreversible monomer-monomer ligation, is a function of this imine 
concentration. This appears to enable all the monom^ to react to give amine dimers 
-before any of . the dimers react. . .- — 

As shown in FIG. 4C and tlie paper "DNA Catalyzed Polymerization," the 
resulting dimers then associate on the template, but with only n-3 total binding sites. Still 
the dimers react faster flian the product tetramers so fliat overall the reaction shows 
essentially clean exponential growth kinetics. The reaction further progresses from 
tetramers 480 to octamers, as shown in FIG. 4E through the reduction reaction of the 
intermediate imine 450 to an amine 470. 

As shown in FIGS, 4A through 4E and the paper "DNA Catalyzed 
Polymerization," the reaction shows exponential growth in product molecular weight. In 
this regard, when monomers are used as the basis units, the polymerization process 
proceeds to dimers, then tetramers, then octamors, then 16-mers, etc,^ depending on the 
length of the template. Also, as shown in the paper "DNA Catalyzed Pol3anerization," 
due to the increased concentration of amine/acetaldehyde pairs for the monomers, the 
monomers displayed a higher imine concentration during the initial reaction step than the 
dimars, the dimers displayed a higher imine concentration than the tetramers, etc. etc. 
From FIGS. 4A through 4E, it can be seen that, for relatively long chain-length 
sequences, this step-growth process may provide greater efficiency than chain-growth 
kinetics in which the chain is sequentially grown one monomer at a time. 

If the (dRp)8 template is placed on a soUd support (e.^., 
plystyrene/polyethyleneglycol copolymer support beads, e/c), as shown in FIG. 4F and 
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the p^er "Polymerization on Solid Supports," the generated R' polymer 480 may be 
recovered using specific elution techniques a hot methanol (MeOH) elution). 
Additionally, since the resulting backbone of the genrarated complementary strand 
associsted tightly to the template backbone, other elution conditions may be used to 
remove unused reactants from the reaction mixture. 

e/CrThe process outlined,in.FIGS.4Athrough.4F.may„alsp^^ . 

multiple polymers that are both sequence-specific and chain-length-specific. Since the 
placement of polymers on solid supports is known in the art, other types of soUd supports 
should be appreciated by those having skill in the art. 

FIGS. 5 A through 5D are diagrams showing another embodiment of a 
polymerization reaction. As shown in FIG. 5 A, the (dRp)8 is again used to direct the 
polymerization reaction. Like the process beginning witti R monomers as shown in FIG. 
4A, the process of FIG. 5A begms with R' having two reactive ends: one end having an 
amine and the other end having an acetaldehyde. However in this case R' is the dimers 
510 , having two R' monomers that are chemically bonded to each other by an amide 520 
(see, e.g., FIGS. 2A and 2B). 

Upon initiation of the process, the R dimers 510 associate with the (dRp)8 
template at five (n-3) possible sites due to the attractive forces between the R binding 
sites on the template 310 and the R* residues of the dimers 510. Once the chemical bonds 
are formed betwem fiie R dimers 510 and the template 310, the reaction progresses to 
HG. 5B. 

Over the course of time, as shown in FIG. 5B, the primary amines of each dimer 
5 1 0 reacts with the acetaldehyde of an adj acent dimer 510, thereby fiirther fomung 
intermediate imines 450 between the adjacent dimers 510. The mtennediate imines 450 
between each alternate pair of dimers 510 are subsequently reduced, as shown in FIG. 5C, 
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thereby fomiing a more stable amine 470. As shown in the paper "DMA Catalyzed 
Polymerization" and FIG. 5C, this results in the formation of tetramers 570, which each 
have alternating amines 450 and amides 520. 

Continuing in FIG. 5D, intermediate imines 450 can subsequently form between 
5 pairs of tetramers 570, at only one site on the octomer template, and is further reduced to 

anunes. 47.0,, thereby resulting in an.octamer 580„with alternating amines-470- and.amides- 

520 along its backbone. 

As shown in the paper "Tolymerization on Solid Supports," the generated R' 
polymer 580 may be recovered wxQx a hot metiianol (MeOH) elution. Thus, if the (dRp)8 
10 template is placed on a solid support, the process outlined in FIGS. 5A through 5D may 
be repeated to produce multiple polymers that are both sequence-specific and chain- 
length-specific. 

FIGS. 6 A through 6C are diagrams showing yet another embodiment of a 
polymerization reaction that is outlined in the p^^ "DNA Catalyzed Polymerization." 

15 As shown in FIG. 6 A, the (dRp)8 is again used to direct the polymerization reaction. 

However, rather than begiiming with R* monomers as shown in FIG. 4A, or R' dimers as 
shown in FIG. 5 A, the process of FIG. 6 A begins with R* tetramers 610 having two 
reactive ends: one end having an amine and the other end having an acetaldehyde. The 
tetramers 610 maybe seen as fourR' monomers that are chemically bonded by amides 

20 520. 

Upon initiation of the process, the R* tetramers 610 align along the (dRp)8 
template due to the attractive forces between the R binding sites on the template 310 and 
the R* binding sites on the tetramers 610. Once the chemical bonds are formed between 
the R tetramers 610 and the template 310, the reaction progresses to FIG. 6B. 
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Over the course of time, as shown in FIG. 6B, the amine of one tetramer 610 
reacts with the acetaldehyde of an adjacent tetramer 610, thereby forming an intermediate 
imine 450 betwera ttie adjacent tetramers 610. Continuing in FIG. 6C, tiie imine 450 is 
subsequently reduced to an amine 470, thereby resultmg in an R octamer having an 
5 amine 470 and amide 520 backbone. 

- - /V\^le not shown, it-should be-appredated .that toe ge^ _ _ 

again, be recovered with a hot methanol (MeOH) elution. Thus, if the (dRp)8 template is 

placed on a solid support, then the process outlined in FIGS, 6A through 6C may be 

repeated to produce multiple polymers that are both sequence-specific and chain-length- (. 

10 specific. 

FIG. 7 is a diagram showmg an embodiment of a process for reading a DNA 
sequence using the recovered polymer of FIG. 4F, 5D or 6C. While the embodiment of 
FIG. 7 uses the polymer of FIG. 4F, it should be appreciated that any of the octamers 
from the process of FIGS. 5 A through 5D and FIGS. 6A through 6C may be used as the 
1 5 template for readmg the DNA sequence. In fact, any polymer wift a specific sequence 
and a specific chain length inay be used as the template for directing the polymerization 
process. 

As shown in FIG. 7, the synthetic polymer 490 may be used as a template to direct . f 

the synthesis of a DNA sequence as shown in by the paper "Catalyst for DNA Ligation: 

20 Towards a Two-Stage Replication Cycle," by Ye et ah, published in Angew, Chem. Int. 
Ed. 2000, 3P, No. 20, which is incorporated herein by reference as if set forth in its 
entirety. In this regard, when DNA nucleotide monomers 71 0 are placed in solution witli 
the synthetic polymer 490, the DNA nucleotide monomers 710 assemble in a chain- 
growth polymerization process in the presence of a dehydrating agent, thereby generating 

25 the complementary DNA strand 310. This provides a synthetic replication process 
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without the biological replication machiaery. As with biological replication processes, 
the application of Darwinian selection approaches to this scheme should allow for the in 
vitro evolution of function and extend the range of sequmce-specific polymers far beyond 
biological polymers. Since these processes should be readily appreciated by those.having 
5 skill in the art in view of the material disclosed herein, further discussion of such 
processes is omitted here. 

The paper "Expressing Genes DifiFerently," by Li et al, which is fully set forth in 
. U.S. provisional patent appUcation having Express Mail mailing label number 
EV269328445US, filed on March 21, 2003, shows several characteristics of tbe synthetic 

10 polymer generated by the processes of FIGS. 4A through 6C. For example, as shown in 
the paper "Expressing Genes Differently," the above-mentioned monomers and dimers 
may be used in a 32-mer DNA-catalyzed polymerization reaction to accurately read a 
sequence of DNA: Since the reaction progresses in an exponential manner (eg^., 
monomer to dimer, dimer to tetramer, tetramer to octamer, etc) the efiELciency of the 

15 polymerization reaction increases with the length of the polymer chain. More 

importantly, this step-growth process ensures the sequence specificity of template 
translation, just as the chain-growth polymerization processes which employ the one-by- 
one addition monomers to the end of the chain, but via kinetic and thermodynamic 
control of the process as outlined in FIGS. 4 A through 6C and the paper "Expressing 

20 Genes Differently". 

This advantage is more clearly outlined in the paper "Expressing Genes 
Differentiy" where 32-mer heteropolymers are translated efBpiently into the diflferent 
backbone products. Moreover, segments of DNA within existing DNA strands may be 
read easily. Since each of the monomers (or dimers, etc) has a specific binding site that 

25 corresponds to (he DNA base pair stretch, these monomers (or dimers, etd,) arrange 
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themselves on the segment of ttie DNA strand and, through subsequent reduction 
amination reactions, react to give the complementary strand along the template in a 
sequence and chain-length specific manner. 

Also, unlike the natural phosphate backbone present m DNA, the modified amine 
backbone on the synthetic polymer has different properties. For example, the synthetic 
polymer may have a greater afiBnity to native DNA than other complementary DNA 
strands. In such circumstances, the displacement of native DNA by the synthetic polymer 
may inhibit binding by native complementary DNA, thereby controlling the activation or 
deactivation of certain genes. 

Moreover, as shown in the paper "Expressing Genes Differently," while alcohols 
readily denature DNA duplexes, the synthetic polymer may be more stable in the 
presence of denaturing solvents due, in part, to the inherent electrostatic attraction of the 
amine-based backbone and that of the phosphate-based backbone. Furthermore, while it 
has been shown that a mixed backbone having phosphate and other bases are destabilized, 
the paper "Expressing Genes Differently" shows that polymers that are devoid of 
phosphates result in greater stability of polymer duplexes. 

Having provided several specific examples of polymerization reactions and 
related components in FIGS. 1 A through 7, a more general appUcation of these principles 
is provided in FIGS. 8 and 9. 

FIG. 8 is a diagram showing a more generalized monomer that may be used in 
polymerization reactions to generate polymers having non-phosphate-based backbones. 
Unlike the monomers of HGS. 1 A throu^ IE, which are largely based on biologically 
known base pairs and amine-acetaldehyde reactive ends, the monomer of FIG. 8 has a 
binding site (Be) 810, a first reactive end pCi) 820, and a second reactive end PC2). In 
one embodiment, a condensation reaction between Xj and X2 in aqueous solution results 
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in the fonnation of a chemical bond between Xi and X2. hi this regard, Xi and X2 may 
represent an amine/acetaldehyde pairing tiiat results in an imine (as described above), or 
an amine/carboxylic acid pairing tliat results in an amide, or an alcohol/carboxylic acid 
pairing that results in an ester bond. Since these pairings of reactive components are 
known in the art, only the above truncated discussion is provided to illustrate possible 
reactants that may be used for Xi and X2. 

FIG. 9 is a diagram showing one embodiment of a polymerization reaction that 
generates a polymer having a non-phosphate-based backbone. As shown in FIG. 9, if a 
template that has a plurality of binding sites (Bt) that are-configured to bind with Be, then 
sincdlar to tiie reactions outlined in FIGS. 4A through 6C, the attraction between Be and 
Bt results in the arranging of monomers along the template 910. Once Be is ahgned 
along the template 910, the reactivity between Xi of one monomer and X2 of an adjacent 
monomer results in a condensation reaction, thereby forming a chemical bond between Xi 
and X2. Additionally, if the reactants Xi and X2 are non-phosphate-based reactants, then 
the resulting backbone will be a non-phosphate-based backbone. Importantly, Bt is not 
intended to represent only homopolymers, but heteropolymers as well. Therefore Bt is 
any sequence of different bindiug sites each with a specific aiBBnity for a specific Be 
monomer. 

By increasing the set of polymers to include those that have non-phosphate-based 
backbones, the possible universe of polymer-based architectures becomes almost 
limitless. 

Although exemplary embodiments have been shown and described, it will be clear 
to those of ordiaary skill in the art that a nxmiber of changes, modifications, or alterations 
may be made, none of which depart firom the spirit of the present invention. For example, 
while known nucleosides (e,g,, thymidine, adenosiae, guanosine, cytidiae, uridine, and 
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inosine) have been used" to illustrate the advantages associated with this invention, it 
should be appreciated that other alternative nucleosides, base pairs, or any molecular 
recognition element may be used without detriment to the invention. Also, while amines, 
acetaldehydes, and imines are used to illustrate the polymerization reaction , it should be 
5 appreciated that other condensation reactions may also be employed to generate 
polymers.. Moreover, while the several embodiments show the polymerization of 
monomers, dimers, and tetramers, it should be appreciated that other oligomers (e.g., 
trimers, pentamers, hexamers, h^tamers, octamers, eta) may be used in the 
polymerization reaction. Additionally, while homopolymers have been used to simplify 

10 the illustration of several embodiments of the invention, it should be appreciated that 
heteropolymers maybe used without adverse effect to the scope of the invention. 

Several advantages and characteristics related to the monomers, oligomers, 
polymers, and the related processes that use these components are shown in the papers 
included in the above-referenced U.S. provisional* patent applications. It should be 

1 5 ^predated that these advantages and characteristics are intended to be within the scope 
of the disclosure. AH such changes, modifications, and alterations should therefore be 
seen as within the scope of the present invention. 
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What is claimed is: 



1 1 . A template-directed process .for synthesizing polymers, the process 

2 comprising: 

3 (a) providing a sequence-specific deoxyribonucleic acid (DNA) template 

4 having a specific chain length, the template being placed on a solid support; and 

5 (b) generating a sequence-specific polymer along the DNA template in the 

6 absence of a polymerase, the sequence-specific polymer having a chain Imgth that 

7 corresponds to the specific chain length of the template, the sequence-specific polymer 

8 defining a sequence that complements the specific sequence defined by the DNA 

9 template, the generating of the sequence-specific polymer comprising: 

10 (bl) providing nfiodified nucleosides having the hydroxyl at the 5V 

1 1 carbon replaced witii an amine, the modified nucleosides further having the hydroxyl at 

12 the 3*-carbon replaced with an acetaldehyde; 

13 (b2) pre-arranguig the modified nucleosides along the sequence-specific 

14 DNA template such that each of the modified nucleosides are bound to their respective 

15 complementaiy DNA nucleotide on the DNA template; 

16 (bS) forming an imine between adjacent modified nucleosides by 

17 reacting the amine of one of the adjacent modified nucleosides with the acetaldehyde of 

1 8 the other of the adjacent modified nucleosides; and 

19 (b4) reducing the imine to form an amine between the adjacent modified 

20 nucleosides; 

21 (c) recovering the generated sequence-specific polymer with a hot methanol 

22 elution; and 

23 (d) repeating steps (b) through (c). 
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1 2. A template-directed process for synthesizing DNA strands, the process 

2 comprising: 

3 (a) providing a polymer template having a specific chain length, the polymer 

4 template defining a specific sequence, the polymer template comprising amines formed 

5 between adjacent nucleoside monomers, each amine being formed betwe®Q the 5 -carbon 

6 of one nucleoside monomer and the 3 -carbon of an adjacent nucleoside monomer; and 

7 (b) reading a DNA sequence from the polymer template, the DNA sequence 

8 being a complementary sequence to the polymer template, each nucleotide of the DNA 

9 sequence corresponding to its respective complementary nucleoside monomer on the ( . 
.10 polymOT template. 

1 3. A template-directed process for synthesi2dng polymers, the process 

2 comprising: 

3 providing a template having a fixed niraiber of binding sites, the template having a 

4 non-phosphate-based backbone, the binding sites being arranged in a specific sequence; 

5 and 

6 generating a polymer along the traiplate, the polymer having a non-phosphate- 

7 based backbone. ( 

1 4. The process of claim 3^ wherein the non-phosphate-based backbone 

2 comprises an amine, the amine being chemically bonded between two adjacent 

3 monomers. 
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1 5 . The process of claim 3, wherein the step of generating the polymer 

2 comprises: 

3 providing a first monomer having a complementary binding site, the 

4 complementary binding site of the first monomer being configured to bind to one of two 

5 adjacent binding sites on the template, the first monomer having a reactive end; and 

6 providing a second monomer having a complementary binding site, the 

7 complementary binding site of the second monomer being configured to bind to the other 

8 of the two adjacent binding sites on the template, the second monomer having a reactive 

9 end, the reactive end of the second monomer and the reactive end of the first monomer 
10 being configured to react with each other in a condensation reaction. 

1 6. The process of claim 5 : 

2 wherein the first monomer is a modified nucleoside having an amine at the 5'- 

3 carbon» the amine replacing a hydroxyl, the modified nucleoside fiirther having an 

4 acetaldehyde at the 3'-carbon, the acetaldehyde replacing a hydroxyl; and 

5 wherein the second monomer is a modified nucleoside having an amine at the 5 - 

6 carbon, the amine replacing a hydroxyl, the modified nucleoside fiirther having an 

7 acetaldehyde at the 3*-carbon, the acetaldehyde replacing a hydroxyl. 
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1 7. The process of claim 3, wherein the step of generating the polymer 

2 comprises: 

3 providing a first oligomer having complementary binding sites, the 

4 complementary binding sites of the first oligomer being configured to bind to a first group 

5 of binding sites on the template, the first oUgomer having a reactive end; and 

6 providing a second oligomer having complementary binding sites, the 

7 complementary binding sites of the second oUgomer being configured to bind to a second 

8 group of binding sites on the temqjlate, the second group of binding sites being located ( 

9 adjacent to the first group of binding sites, the second oUgomer having a reactive end, the 

1 0 reactive end of the second oligomer and the reactive end of the first oligomer being 

1 1 configured to react with each other in a condensation reaction. 

1 8. The process of claim 7 : 

2 wherein the first reactive end of the first monomer is a modified nucleoside 

3 having an amine at the 5'-carbon, the amine replacing a hydroxyl; 

4 wherein the second reactive end of the first monomer is a modified nucleoside 

5 having an acetaldehyde at the 3*-carbon, the acetaldehyde replacing a hydroxyl; ( 

6 wherein the first reactive end of the second monomer is a modified nucleoside 

7 having an amine at the 5 -carbon, the amine replacing a hydroxyl; and 

8 ■ wherein the second reactive end of the second monomer is a modified nucleoside 

9 having an acetaldehyde at the 3 '-carbon, the acetaldehyde replacing a hydroxyl. 
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1 9. The process of claim 3, further comprising: 

2 recovering the generated polymer. 

1 10. The process of claim 9, wherein the step of recovering the generated 

2 polymer comprises: 

3 recovering the generated polymer with a methanol elution. 

1 11. The process of claim 3, further comprising: 

2 placing the template on a solid siq)port 

1 12. The process of claim 1 1, wherein the solid support is a 

2 plystyrene/polyethyleneglycol copolymer support beads. 
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